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The treatment of household waste and water via wastewater treatment plants is an extremely 
important process that helps to keep humans and animals healthy and safe (Environmental 
Protection Agency, 2019). With so many ways to treat wastewater, it is difficult to know which 
treats most effectively. Most treatment is done through the introduction of air which serves to 
evenly distribute oxygen for aerobic biodegradation in the wastewater. The effectiveness of the 
treatment is directly related to the process upon which air is introduced. The different ways of 
injecting air into the treatment process makes a significant difference in treatment outcome. The 
focus of this paper will be on the differing aeration systems in three separate plants and how they 
treat for fecal coliforms. The three facilities chosen for this study were the City of Charleston, 
the City of South Charleston, and the City of Dunbar. The three plants discharge into the Great 
Kanawha River in central West Virginia, which means they will have the same limits for 
discharging fecal coliforms set by the West Virginia Department of Environmental Protection 
(WVDEP). The results from this research could help determine the best type of wastewater 
treatment systems for future upgrades and installations. To conduct this research, scholarly 
articles, and papers on the topic of aeration in wastewater treatment facilities were investigated. 
Afterward, fecal coliform effluent limits for each of the three plants for the last five years (2014-
2018) were examined. The conclusion from the analysis of the data of the three plants is out of 
them, Dunbar’s Vertical Loop Reactor wastewater treatment plant (WWTP) produced the best 




PERMITTED FACILITIES ON THE KANAWHA RIVER 
National Pollution Discharge Elimination System 
The Lower Kanawha River watershed has historically had issues with pollution 
(Environmental Protection Agency, 2014).  It is currently impaired (meaning the river does not 
meet water quality standards), according to the 2014 EPA 303(d) list, for fecal coliforms, 
dioxins, and polychlorinated biphenyls (PCBs) (Environmental Protection Agency, 2014). The 
303(d) list is short for the Clean Water Act Section 303(d) that lists threatened or impaired 
streams due to pollution in each state. The Kanawha River has many facilities that discharge into 
it, some of which are permitted through the West Virginia Department of Environmental 
Protection (WVDEP), some of which are not. Of the permitted facilities, sewage treatment plants 
constitute the largest points of discharge into the Kanawha River. These facilities take sewage 
and other contaminated material from households, businesses, and industry in the area and treat 
it. That treated water is eventually discharged into the river, hopefully to the standards 
implemented by the WVDEP. The WVDEP enforces these standards by issuing National 
Pollutant Discharge Elimination System (NPDES) permits. These permits are sent to the 
facilities that discharge treated wastewater. The permits outline the facility and how it operates, 
what to do in case of upsets and spills, parameters for sampling, and operation and maintenance 
regulations. The goal of the NPDES permit is to reduce the number of contaminants from 
entering the river and causing further impairment (Environmental Protection Agency, 2014). 
Fecal coliforms are the only listed impairment item that is generally treated by wastewater 
treatment systems (Environmental Protection Agency, 2014).  
Basis for Study 
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The basis of this study is to see what type of system most efficiently removes fecal 
coliforms from wastewater. Sewage treatment facilities in close proximity to each other are ideal 
for this study. This is because they experience the same population dynamics and weather 
conditions. To conduct this study, the three facilities chosen were visited to see how each system 
works. Those facilities are the City of Charleston, the City of South Charleston, and the City of 
Dunbar. Then data was collected through the monthly Discharge Monitoring Reports (DMRs) as 
required by the WVDEP. Records for the past five years were reviewed for each facility based 
on select parameters. These parameters were discussed in more details in the Background 
section. The data was collected, averaged, and examined statistically to determine the results. 
The outcome of these results shows the most efficient fecal coliform removal process and 
average exceedances for that parameter. Uncontrollable events were considered with the 
collection of the data like bypasses of the plant, weather, temperature spikes, etc.    
Objective of Study 
The objective of this study is to determine which treatment system works most 
efficiently, thus giving a better idea of which system should be used in the future, or to suggest 
which system upgrades should be made to existing plants. This will be beneficial to aquatic life, 
and humans and animals that use the water. The results could also be used as the foundation for 








LITERATURE REVIEW  
Limited published research and resulting conclusions on the most efficient removal of 
fecal coliforms from sewage using different aeration treatment methods made research difficult. 
A study published by Environmental Monitoring and Assessment, titled “Fate of coliforms and 
pathogenic parasite in four full-scale sewage treatment systems in India,” compared fecal 
coliform removal (among other things) from four different types of treatment systems in India 
(Tyagi et al, 2011). The only two that apply to this study are the Activated Sludge Process 
(ASP), and the Extended Air Process (EA) (Tyagi et al, 2011). The other two treatment systems 
involve a retention pond and using a sludge blanket (Tyagi et al, 2011). The data collected for 
this study, taken during all seasons, shows that ASP and EA removed 99% of the Fecal 
Coliforms in the wastewater (Tyagi et al, 2011). EA did slightly better at 99.9% removal, while 
ASP was 99.4% removal (Tyagi et al, 2011). Something to take into consideration when it comes 
to this study is the seasons in India are much different than the seasons in West Virginia. 
Extreme cold and heat are factors in the amount of treatment a plant can achieve (Tyagi et al, 
2011). Warmer weather typically facilitates better treatment outcomes (Tyagi et al, 2011). 
Another study published by Water Science & Technology titled, “Monitoring and 
evaluation of removal of pathogens at municipal wastewater treatment plants” studied three 
municipal wastewater treatment plants in Beijing, China (Y Fu et al, 2010). They sampled a 
standard ASP plant, an Anaerobic treatment plant, and an ASP plant with an oxidation ditch 
aeration chamber (Y Fu et al, 2010). While plants with an oxidation ditch can be found in West 
Virginia, it is not one of the plants that discharge into the Lower Kanawha River (Y Fu et al, 
2010). The other issue with this study is while they are using an ASP plant, it also has a sand 
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filter as tertiary treatment (Y Fu et al, 2010). None of the plants in this study have sand filters or 
tertiary treatment (Y Fu et al, 2010). The ASP plant has an approximately 99% fecal coliform 
removal rate (Y Fu et al, 2010). 
A study done in France and Belgium that focused on twelve wastewater treatment plants 
of different processes to test the removal of fecal coliforms found that the success of it depended 
on retention time (George et al, 2002). The study, “Fecal coliform removal in wastewater 
treatment plants studied by plate counts and enzymatic methods” tested different types of 
treatment from the normal activated sludge process (which is being studied here), to the activated 
sludge process with nitrification and denitrification, to lagoon treatment (George et al, 2002). 
While all the processes removed the fecal coliforms to a certain percent, it was the lagoon and 
activated sludge with denitrification that had the best removal because of the amount of retention 
time in each process (George et al, 2002). This study is interesting but does not go into detail 
about the activated sludge process that is being conducted here (George et al, 2002). This study 
also researched twelve plants of different sizes, instead of plants similar in size (George et al, 
2002). 
In “Fecal coliform removal from the effluent of UASB reactor through diffused 
aeration,” different plants were not studied, but a model aeration chamber was made to show the 
effects of diffused aeration on fecal coliform removal (Khan et al, 2012). They aerated the 
wastewater for different amounts of time, and then sampled to see if the time spent in aeration 
changed the amount of fecal coliforms removed from the wastewater (Khan et al, 2012). Per this 
study, the aeration that ran the longest (60 minutes), effectively removed 97% fecal coliforms, 
which was higher than the other rates (30 and 15 minutes) (Khan et al, 2012). This study did 
include another variable though that is not in the current study (Khan et al, 2012). They 
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controlled the amount of Dissolved Oxygen (DO) going into the system (Khan et al, 2012). They 
determined that DO in the 5.0-6.0 mg/l range, combined with 60 minutes of aeration, removed 





















INTRODUCTION TO WASTEWATER TREATMENT PLANTS 
Parameters and Sampling 
 The federal Environmental Protection Agency (EPA) requires all states that have 
facilities that discharge into waters of that state maintain certain parameters for their effluent 
(Environmental Protection Agency, 2019). These parameters are made to keep facilities from 
discharging excess pollutants into waterways. The limits are set at a level to try to make as little 
environmental impact as possible to these waters (Environmental Protection Agency, 2019).  
Sampling must be done at certain intervals for these required parameters to make sure the 
EPA’s rules are being followed per the NPDES permit. These limits can vary from state to state 
depending on what is being sampled for, what treatment certain facilities have, the parameters of 
the sampling, the size of the water system being discharged into (river, stream, ditch line), and 
the pre-existing impairment of the waterway.  
The EPA has standards in place that each facility must follow but states can make those 
rules more stringent if they feel that they are in greater risk of environmental impact 
(Environmental Protection Agency, 2019). This can be accomplished by the EPA, or, each state 
can create its own environmental agency (Environmental Protection Agency, 2019). This is what 
West Virginia chose to do by creating the WVDEP in 1991 (Department of Environmental 
Protection, 2018). The WVDEP has their own set of inspectors and enforcement policies for 
discharges into state waters. The parameters that each facility must sample for is set by the 
WVDEP within the guidelines set by the EPA. The sampling is done to protect West Virginia’s 
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waterways from excess pollution that would affect conditions for water usage like drinking, 
outdoor recreation, and tourism. 
In order to achieve this, the WVDEP relies heavily on the NPDES permits for facilities 
discharging into the waters of West Virginia. Per the permit, the results from sampling, called 
Discharge Monitoring Reports (DMRs), must be submitted to the WVDEP within a recognized 
timeframe. These results are recorded and tracked by the WVDEP and submitted to the EPA for 
its records. The parameters are set so that the wastewater plants must meet it consistently to 
avoid violations and possible fines. Violations are issued by enforcement inspectors for 
exceedances of the National Pollutant Discharge Elimination System (NPDES) permit. 
 Each wastewater treatment facility has its own set of sampling parameters that must meet 
or come below those set forth by the WVDEP. Samples are taken at specific locations at the 
plant for each sampling limit, by either an operator or a technician from a state certified lab. The 
samples are taken to a state certified lab for analysis, and the results are submitted to the 
WVDEP electronically. The facilities are also required to be physically evaluated by WVDEP 
inspectors to make sure they are following the permit regulations.  
 Larger wastewater treatment plants test for the following: flow into the plant, 
Biochemical Oxygen Demand (BOD), Total Suspended Solids (TSS), pH, Ammonia, Total 
Residual Chlorine (TRC), Fecal Coliforms, and percent removal of BOD (5-day) once a month. 
Depending on the influent into the plant and where it discharges, they also might be required to 
test for metals, arsenic, and mercury. While all these parameters are important to the safety of the 




 While fecal coliform bacteria itself is not necessarily harmful to humans and aquatic 
environments, in wastewater treatment it is used as an indicator for more harmful bacteria and 
organisms (Oram, 2020). If fecal coliforms are present in water, it shows the possibility of more 
dangerous organisms being present like E. Coli (Oram, 2020). The results run parallel, meaning 
the higher the fecal coliform level, the greater chance of the presence of other bacteria and 
viruses. The treatment process used by wastewater facilities is intended to achieve the lowest 
possible level of organisms in wastewater discharge (Oram, 2020). Fecal coliform reduction is 
typically one of the last steps in wastewater treatment. After screening out large material, 
aerating the wastewater to assist in the breakdown of waste material, and the separation of clear 
water and heavy material, the clear water is sent for disinfection, by chlorine or ultraviolet light 
(UV light). Some plants will go a step further and add filtration before disinfection. The chlorine 
and UV light are meant to kill as much of the bacteria left in the clear water as possible. That is 
where the NPDES permit limits are used, to give wastewater plants parameters that they have to 
follow to keep fecal coliform at an acceptable level. That helps ensure that there is a lower 
possibility of discharging dangerous levels of organisms that are associated with fecal coliforms 
into the state’s water.  
As mentioned above, the use of chlorine or UV lights is what kills fecal coliform bacteria 
in wastewater, but without the aeration of the wastewater in the first parts of the treatment 
process, the chlorine and UV would be ineffective. The reason for this is because during 
aeration, the organisms that live in the aeration basin can break down larger material during 
mixing. The more these solids are broken down, the better they can settle to the bottom of the 
clarifier in the next chamber, and not float to the surface. If larger, solid material passes through 
the aeration chamber and the clarifier, then the fecal coliform bacteria can “hide” in those solids 
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where chlorine and UV lights cannot disinfect as efficiently, thus, letting that bacteria leave the 
plant. That is why the comparison of different aeration chambers and how well they mix to break 
down this material is so important.   
 Most treatment plants in the state of West Virginia have NPDES permit limits for fecal 
coliforms at 200 cnts/100ml Average Monthly and 400 cnts/100ml Max Daily. Average Monthly 
levels mean that all the fecal samples that are taken in that month together must have a geometric 
mean of 200 cnts/100ml or less. Most plants run fecal samples once a week to determine if they 
need to modify their treatment. To get the Max Daily result, the plant takes the fecal sample with 
the highest count of all the samples that were taken that month. The results should be equal to 
400 cnts/100ml or less. The fecal samples are taken directly from the effluent of the plant. The 
individual collecting the sample wears gloves and the sample is then placed in a sterile container 
to prevent contamination. Tablets used to dechlorinate the wastewater are usually included in the 
sample bottle also. This is typically called a “Grab” sample.  The sample must be put on ice and 
delivered to a state certified lab within eight hours of it being collected since they only have an 
eight-hour hold time.  
Operations of a Wastewater Treatment Plant 
In order to determine which form of treatment is best at removing fecal coliforms from 
wastewater, three plants with different treatment processes were chosen. These plants discharge 
into the Great Kanawha River (WV). Each serve a similarly large population and treat millions 
of gallons of wastewater per day (MGD). Most sewage treatment systems are similar in design 
and purpose. The major variation is the way air is injected into the system to help break down the 
material. Almost all systems start with a headworks. This is the beginning of the treatment 
process and involves the removal of large solids and un-digestible materials by screening it out 
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of the water. This material is later thrown aside and taken to the landfill. After screening out 
larger material, the sewage is sent to an aeration chamber. This is where a lot of plants differ. 
The system seen most often is known as an Activated Sludge Process (ASP) plant. In this 
process, air is diffused into the chamber underneath the surface and mixes the material. This 
helps microorganisms break down material and is called a “Mixed Liquor.” This mixing of air 
can go for as little as 15 minutes, up to 45 to 60 minutes depending on the weather, time of year, 
and amount of flow. Once the mixed liquor has been aerated, it moves on to the clarifier. The 
clarifier is a settling chamber with a skimmer on top to collect material on the surface. The 
mixed liquor sits in the clarifier to let the solids settle to the bottom and clears the water on the 
surface. This clear water is then skimmed right below the surface and sent to disinfection.  
Disinfection is usually done with chemicals like chlorine in either a solid tablet, gas, or 
liquid form. Many plants are switching to ultraviolent disinfection because they do not have to 
worry about de-chlorinating the water after it has been disinfected. Treatment facilities that use 
chlorine for disinfection must have a way to de-chlorinate the water before discharge. The water 
is then discharged to an outfall back into rivers and streams.  
Introduction to Methods 
To conduct this research, three plants in the Lower Kanawha River watershed were 
chosen to study. The Charleston Sanitary Board, The City of South Charleston, and The City of 
Dunbar were selected because of their proximity to each other on the Kanawha River. This 
meant that they have similar exposures and surroundings. This gives the study some control 
because the variables between each plant are similar, so the results would not be skewed by 
major factors that one area might have over another. The plants have the same sampling 
parameters, have the same weather conditions, the people living in the area use the same types of 
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services, and, they are exposed to the same pollutants. The main difference between the three 
plants is the population size. While the City of South Charleston and the City of Dunbar have 
similar population sizes, the City of Charleston has about four times the population compared to 
the other systems. The City of Charleston’s plant is built to handle that many people, and that 
amount of flow, so the treatment process is still the same, just on a larger scale. 
 



















INFORMATION ABOUT LOCAL WWTPs ON THE KANAWHA RIVER 
The Charleston Sanitary Board 
The Charleston Sanitary Board, located in Charleston, WV, serves about 140,000 people, 
and treats approximately 14.0 million gallons per day (MGD) of water with an oxygen activated 
sludge treatment system. This means they inject pure oxygen into their aeration chamber, which 
increases the dissolved oxygen in the system which supplies microorganisms with extra oxygen 
to break down material. Charleston has had this type of plant since it was upgraded in 1987.  
 





Figure 3: Air Distribution at Charleston’s WWTP. Image by C. Whitt, 2018 
The City of South Charleston 
The City of South Charleston’s plant, located in the same area, serves about 33,100 
people, and treats approximately 3.0 MGD of water with an activated sludge process system. 
This system is the system that is most common. In this facility, a line of air diffusers are located 
towards the bottom of the aeration basin where air is pushed through them to circulate the water 
above it. South Charleston has had this type of plant since 1962 when the city combined with 
Union Carbide, now DOW Chemical. The plant is run by DOW with a municipal treatment side 
for the city, and an industrial treatment side for Union Carbide. Both sides combine after 
treatment and flow out of the Outfall 001 to the Kanawha River. The number labeled beside the 




Figure 4: Activated Sludge Aeration Chamber at South Charleston’s WWTP. Image by C. 
Whitt, 2016 
The City of Dunbar 
The City of Dunbar’s plant, located in the same area, serves about 22,500 people, and 
treats approximately 2.25 MGD of water with a Vertical Loop Reactor system (VLR). A vertical 
loop reactor system is unique because they have rotating paddles that lift the wastewater and spin 
in order to mix the system the system. Each chamber of the VLR is then injected with increasing 
levels of dissolved oxygen (DO). The VLRs started being used in sewage treatment in 1983 
(Smith, 1992), and Dunbar has had theirs since 1999. The sewage goes around a loop and hits 
many of these paddles before finally flowing to the clarifier. After the aeration chamber, these 



























 To gather the information needed to produce comparable data from the three wastewater 
treatment plants chosen for this study, access to the WVDEP data base was utilized. The 
WVDEP keeps public record of all permits issued, as well as the DMRs that are required to be 
submitted by any permitted facility in the state. This was very useful because without this data, 
samples would need to have been taken by hand over an extended period of time to achieve this 
information. This information is easily gathered through the WVDEP’s website. There is a 
website dedicated to their Electronic Submission System where this material can be looked up in 
the public queries. The permit number or permitted name of the facility just needs to be known. 
 The permit for each facility was reviewed before any data could be collected. Dunbar, 
South Charleston, and Charleston all have permits tailored specifically for their plant. This 
means it covers the specific location, the type of treatment, the collection system, and the rules 
that need to be followed. These are known as Individual Permits. Reviewing the permit gives a 
good idea of the sampling parameters that are required, especially for fecal coliforms, and a 
detailed description of the treatment process for each plant. It also tells the demographics for the 
service area for each plant. For example, the location on the Kanawha River where they 
discharge, what areas and how many people each facility serves, and how much flow each can 
receive. These are all important factors to consider when determining which facilities are 
comparable.  
 A good example of this permit information is with the City of South Charleston. South 
Charleston not only treats municipal sewage from the city, it also treats industrial waste from 
DOW chemical. Even though the treatment processes are separated, both sides go out Outfall 
001 into the Kanawha River. Even though this outfall is sampled and submitted to the WVDEP, 
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the results are not representative of just the municipal treatment because the treated industrial 
wastewater could change the data. Therefore, per the permit, both sides of treatment are also 
sampled individually before going into the combined outfall. So DMR data from South 
Charleston would have to be taken from outfall 201 (municipal only), rather than the main outfall 
to the river like Dunbar and Charleston’s plants do.  
 After reviewing the permits, the fecal coliform data can be collected and analyzed. 
Through the WVDEP, collection data is available for each month going back to 2011. For this 
study, fecal coliform data was collected for every month for the years 2014 through 2018. This 
timeframe was chosen because it gave a wide range of years, and each plant would be the most 
up to date on their permit and plant modifications, if any. The data was then put into a Microsoft 
Excel spreadsheet for each facility. A sample is shown below in Table 1: 
Month (2014) Average (200 cnts/100ml) Max (400 cnts/100ml) 
January 2.8 5 
February 11.8 23 
March 8.8 28 
April 2.4 5 
May 5.3 12 
June 27.3 43 
July 52.1 1270 
August 4.7 20 
September 11.3 21 
October 5.5 14 
November 3.3 8 
December 2 4 
 
Table 1: Dunbar Sample Data Table. 
After the data for each plant was collected for each year, it could be averaged into a 
graph. Each facility has five data sets, one for each year. The data sets for each plant were 
averaged for each year. Two graphs were created for each plant: one showed the Average 
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Monthly cnts/100ml samples for each year over the five years, and the other graph showed the 
average of the Max Daily cnts/100ml samples for each year over five years. Both were averaged 
over five years. When each plant had their averages calculated for the year, those numbers were 
taken to form one graph that displayed the comparison of the averages for the three plants side-
by-side for the five years combined. The final graph gives a visual of which plant averaged the 
best fecal coliform removal from 2014-2018. The results from this are discussed in further detail 

















RESULTS AND DISCUSSION 
Results 
 As stated in the previous section, the data for each year from the five-year collection span 
was averaged for each plant individually. The plants have two graphs each. The first graph 
shows the averaged data for the Average Monthly cnts/100ml sample for each year, the second 
shows the averaged data for the Max Daily cnts/100ml sample for each year. These graphs are 
located below for each plant. One pattern that is easily observed is the Average Monthly samples 
typically run much lower than the Max Daily samples. The data has a wide range of variance 
from month to month for each plant. This can be due to multiple factors like weather, plant 
failures/maintenance, operator error, and unknown incidents introduced into the plant from an 
outside entity. These factors will be discussed in further detail in the Conclusion. In the graphs 
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Figure 7: The City of Charleston’s Average Max Daily Over Five Years.  
South Charleston: 
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Figure 9: The City of South Charleston’s Average Max Daily Over Five Years.  
Dunbar: 
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Figure 11: The City of Dunbar’s Average Max Daily Over Five Years.  
 The final graph below displays the average data taken from all five years for each plant. 
The plant’s average is then displayed side-by-side for Average Monthly cnts/100ml and Max 
Daily cnts/100ml samples for comparison.   
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Figure 13: The Five-Year Average for Max Daily of all Three Facilities. 
Discussion (Evaluation of Results) 
 The data clearly illustrates which plants in each set have the lowest fecal coliform 
numbers which means those plants were putting the lowest amounts back into the Kanawha 
River. For the Average Monthly sample, South Charleston averaged the lowest numbers at 
approximately 2.37 cnts/100ml. They did exceed, on average, their Max Daily limit at 
approximately 432.38 cnts/100ml. Dunbar was the second lowest for Average Monthly at 
approximately 10.49 cnts/100ml. Charleston was last for Average Monthly at approximately 
28.92 cnts/100ml, which was almost fourteen times higher than South Charleston. For the Max 
Daily sample, Dunbar averaged the lowest numbers at approximately 185.62 cnts/100ml. South 
Charleston exceeded their permitted limits along with Charleston. They were not much better 
than South Charleston’s average at approximately 432.05. They were roughly two times higher 
than Dunbar’s average. 
Out of the three plants, it seems that Dunbar’s Vertical Loop Reactor system did the best 
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Charleston for the Average Monthly cnts/100ml sample, it was a close second at approximately 
10.49 cnts/100ml. As mentioned above, it also did the best for the Max Daily cnts/100ml 
sampling. Dunbar did not exceed its permitted limits for Average Monthly or Max Daily also. 
Charleston was the highest for both Average Monthly and Max Daily sampling. While South 
Charleston was second for the Max Daily sampling, the average was much higher at 
approximately 432.38 cnts/100ml than Dunbar in the average sampling. These numbers put 
Dunbar at a very good advantage to be the better system at fecal coliform removal.  
 It should be noted, though, that there are variables that can affect some of these results. 
Any wastewater treatment plant can go through an “upset.” This means that an element beyond 
the plant’s control affected the treatment of the system. This can be a large storm event that 
overloads the plant, or an unknown chemical coming through the plant and wiping out treatment. 
Sometimes a necessary piece of equipment breaks down, or a line is clogged. In these situations, 
the plant is not penalized, but they do have to let the WVDEP know what happened and work as 












CONCLUSION AND RECOMMENDATIONS 
Conclusion 
Overall, the results show that of the three wastewater treatment plants, the City of Dunbar 
shows the best results on average. As discussed above, Dunbar has the best average when it 
comes to Max Daily sampling. Even though the City of South Charleston had a better average 
when it came to Average Monthly sampling, Dunbar was a close second. While there is no 
“superior” facility (meaning that one plant did better for both Average Monthly and Max Daily), 
Dunbar seems to stay within the parameters for fecal coliforms more consistently. The Vertical 
Loop Reactor system seems to inject enough air into the aeration basin and in such a way that it 
breaks down the solid material more effectively for disinfection. 
Recommendation  
More studies would have to be done on this system in different conditions and different 
parameters. Studies should also be done by comparing it to the other systems in these areas. But 
for what is required for the Kanawha River and the surrounding area, it does well. 
Due to this research, when operators at other systems in the area decide to upgrade their 
facility, the results from the vertical loop reactor data could be a factor in the upgrades of future 
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April 2014 3.4 11 
August 2014 34 56 
December 2014 4 19 
Febuary 2014 6.4 110 
January 2014 3.8 31 
July 2014 23 720 
June 2014 16 190 
March 2014 3.7 12 
May 2014 7 20 
November 2014 10 91 
October 2014 65 380 
September 2014 15 33 
2014 15.94166667 139.4166667 
April 2015 7 130 
August 2015 180 1300 
December 2015 28 62 
February 2015 8 18 
January 2015 4 47 
July 2015 72 230 
June 2015 54 310 
March 2015 3 35 
May 2015 35 700 
November 2015 110 680 
October 2015 19 120 
September 2015 72 830 
2015 49.33333333 371.8333333 
April 2016 10 70 
August 2016 138 500 
December 2016 11 84 
February 2016 6 44 
January 2016 7 25 
July 2016 59 240 
June 2016 30 170 
March 2016 4 32 
May 2016 16 116 
November 2016 112 350 
October 2016 80 230 
30 
 
September 2016 75 200 
2016 45.66666667 171.75 
April 2017 11 73 
August 2017 19 150 
December 2017 17 80 
February 2017 4 23 
January 2017 5 89 
July 2017 98 10000 
June 2017 9 42 
March 2017 9 130 
May 2017 6 28 
November 2017 10 64 
October 2017 34 120 
September 2017 30 460 
2017 21 938.25 
April 2018 16 210 
August 2018 12 43 
December 2018 6 74 
February 2018 8 70 
January 2018 4 20 
July 2018 42 5300 
June 2018 6 56 
March 2018 7 100 
May 2018 7 56 
November 2018 5 33 
October 2018 8 56 
September 2018 31 450 














RAW DATA AND GRAPHS FOR THE CITY OF SOUTH CHARLESTON 






January 2014 1 4 
February 2014 2 420 
March 2014 0 0 
April 2014 1 8 
May 2014 2 24 
June 2014 5 4300 
July 2014 4 91 
August 2014 1 37 
September 2014 4 560 
October 2014 1 10 
November 2014 2 16 
December 2014 2 31 
2014 2.083333 458.4167 
January 2015 1 3 
February 2015 1 120 
March 2015 1 5 
April 2015 2 30 
May 2015 2 82 
June 2015 2 13 
July 2015 10 4700 
August 2015 3 246 
September 2015 1 4 
October 2015 3 390 
November 2015 3 220 
December 2015 11 470 
2015 3.333333 523.5833 
January 2016 2 20 
February 2016 1 51 
March 2016 2 33 
April 2016 2 23 
May 2016 2 320 
June 2016 1 19 
July 2016 2 38 
August 2016 3 200 
September 2016 1 128 
October 2016 1 2 
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November 2016 1 9 
December 2016 1 4 
2016 1.583333 70.58333 
January 2017 1 15 
February 2017 1 1 
March 2017 2 6000 
April 2017 1 1 
May 2017 2 182 
June 2017 5 146 
July 2017 4 41 
August 2017 3 390 
September 2017 3 39 
October 2017 3 48 
November 2017 3 30 
December 2017 1 36 
2017 2.416667 577.4167 
January 2018 1 1 
February 2018 1 4 
March 2018 1 6 
April 2018 3 6000 
May 2018 2 14 
June 2018 2 24 
July 2018 2 11 
August 2018 2 30 
September 2018 2 31 
October 2018 6 49 
November 2018 5 200 
December 2018 2 13 













RAW DATA AND GRAPHS FOR THE CITY OF DUNBAR 





January 2014 2.8 5 
February 2014 11.8 23 
March 2014 8.8 28 
April 2014 2.4 5 
May 2014 5.3 12 
June 2014 27.3 43 
July 2014 52.1 1270 
August 2014 4.7 20 
September 2014 11.3 21 
October 2014 5.5 14 
November 2014 3.3 8 
December 2014 2 4 
2014 11.44166667 121.0833333 
January 2015 1 1 
February 2015 1.3 3 
March 2015 4.4 30 
April 2015 2.4 10 
May 2015 5.2 19 
June 2015 5.3 19 
July 2015 12 5000 
August 2015 13.7 31 
September 2015 11.3 37 
October 2015 5.5 22 
November 2015 4 7 
December 2015 2.5 16 
2015 5.716666667 432.9166667 
January 2016 2.8 8 
February 2016 4.5 15 
March 2016 1.5 4 
April 2016 1.8 5 
May 2016 3.6 7 
June 2016 13.1 23 
July 2016 4.9 17 
August 2016 6 13 
September 2016 5.1 14 
October 2016 6.7 30 
November 2016 14.2 47 
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December 2016 5.3 20 
2016 5.791666667 16.91666667 
January 2017 32.3 1090 
February 2017 10 10 
March 2017 10 10 
April 2017 10 1 
May 2017 19.7 299 
June 2017 13.2 31 
July 2017 10 10 
August 2017 10 10 
September 2017 10 10 
October 2017 10 10 
November 2017 10 10 
December 2017 10 10 
2017 12.93333333 125.0833333 
January 2018 10 10 
February 2018 18.7 122 
March 2018 18 52 
April 2018 10 10 
May 2018 11.5 20 
June 2018 67.2 2490 
July 2018 13.3 31 
August 2018 10 10 
September 2018 10 10 
October 2018 10 10 
November 2018 10 10 
December 2018 10 10 





















Charleston 28.92 432.05 
Dunbar 10.49 185.62 
South 
Charleston 2.37 432.38 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
